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Summary : Sergeol ide  2, i so l a t ed  from the  French Guyanan Simaroubaceae, Picroleí" pseudu- 
coffea Ducke, i s  a novel quassinoid possessing the  normal C20 bas ic  skeleton with a butenoli-  
de function attached t o  the  A ring. S t ruc ture  2 was es tab l i shed  by in t e rp re t a t ion  of the 
leukemia P388. The previously known isobruceine B 1_ was a l so  i so l a t ed .  
i 
i 400 MHz 'H-NMR and the  I3C-NMR data.  I t  i s  highly cy to toxic  and i s  ac t ive  aga ins t  mouse c .J  . 
The quassinoids2, the  b i t t e r  cons t i tuents  of the  Simaroubaceae, have been shown t o  
possess d iverse  and po ten t i a l ly  useful biological proper t ies  ranging from an t ineop las t i c ,  ' 
a n t i v i r a l  and an t imalar ia l  a c t i v i t y  t o  in sec t i c ida l  and an t i feedant  behaviour 3-6: In the !, 
framework of our continuing s tud ie s  i n  this area we examined the  h e r e t o f o r e  unevaluated 
French Guyanan SimaPoubaceae, Picrolema pseudocoffea Ducke, uti 1 ized by the  indigenous popu- 
l a t i o n  as  an anthelmintic agent '. We herein repor t  the  i so l a t ion  and s t r u c t u r a l  e luc ida t ion  
of se rgeol ide  z, a s t r u c t u r a l l y  novel , antileukaemic and highly cy to toxic  quassinoid,  i so l a -  
ted from the  roots  and stems of P.pseudocoffea ; t he  known quassinoid,  isobruceine B 1 was 
a l so  obtained. 
r a l  times w i t h  hot water. The concentrated aqueous e x t r a c t  was then co3tinuouily ex t rac ted  
w i t h  chloroform t o  give a crude mixture of products ( 2 . 1  g) which showed pofent anfileukae- 
mic a c t i v i t y  aga ins t  murine P 388 lymphocytic leukaemia (T/C 216 a t  17 mg/kg). Chromatogra- 
phy of this e x t r a c t  on s i l i c  ac id -ce l i t e  (2:~l) '  and e lu t ion  with methylene ch lor ide  conta i -  
ning 2 % methanol afforded a mixture (1.2 g), of isobruceine B 1 and se rgeo l ide  2. Extraction 
of the  stems gave a s imi l a r  mixture of the  two quassinoids which were separated by low pres- 
su re  column chromatography on Kieselqel '66 H- (Merck) u s i n g  e thy lace ta t e  containing 20 % 
hexane as an e luent .  
( c  = 1 ; MeOH). The molecular formula (CZ3Hz8Ol1) was es tab l i shed  by mass spectrometry w i t h  
M+* a t  m/z 480.1619 and abundant fragmentation ions a t  m/z 462.1533 (CZ3Hz6Olo) and m/z 
420.1430 (CZ1Hz4O9) ind ica t ing  the  presence o f  an acetoxy group. The i . r .  s h e c k w  Mu' 
showed carbonyl bands a t  1750, 1730 and 1660 cm-l, and, i n  agreement w i t ~ l ~ ~ . ~ ~ ~ B l o ~ ~ ~ ~ ~ . o f  
The dr ied  ground roots  (430 g) o f  P.pseudocoffea were ex t rac ted  w i t h  hexane and seve- 
- 
Quassinoid 1 c r y s t a l l i z e d  from ethylacetate-methanol , m.p. 255-258", [äj;' t 17" 
) 
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Table I : 400 MHz-NMR spec t r a  of  quassinoids 1 and - 
2 and 250 MHz-NMR spectrum of 3 [6 i n  ppm, 
J as  (Hz)]  
- - 
3a -Zb -la -
H - 1  4.26 s 6.23 b r . s  6.12 s 
H-3 6.11 br.s 
H-4 2.40 m 
H-4' 5.71 dd 5.73 b r . s  
(2;  2) 
H-5 2.91 d 1.85 ddd 
(13) (13;2;9) 
(15;3;13) (15;3;2.5) 
H-6e 2.41 ddd 2.28 ddd 
(15;3;3) (15;2;2) 
H-7 4.75 m 4.65 br.s 4.74 br . s  
H-6a 1.86 ddd 1.68 ddd 
H-9 
H-11 4.75 m 
H-12 4.12 b r . s  4.20 br . s  5.44 b r . s  
3.12 br.d 
(13) 
6.30 d 6.17 d 6.05 d 
(13) (13) (13) 
(8)  
( 8 )  ( 8 )  ( 8 )  
3.75 dd 3.82 dd 3.92 d 
4.81 d 4.78 d 4.81 d 
OMe 3.83 s 3.85 s 3.78 s 
(8; 1::) (8; 1:::: ) 
-CH20- 
Me-4 1.95 s 1.23 d 1.23 d 
(7)  ( 7 )  
Me-10 1.20 s 1.57 s 1.42 s 
OAc 2.08 S 2.10 s 2.06;2.10;2.16 
a In CLIC1 
doublet  waen the spec t r a  were measured a t  50". A var ia -  
b l e  temperature s tudy  of 2 showed the existence of  two 
conformations of the 6-1aFtone r ing .  A t  -70" : 6 H-14, 3.10 
(14 H z )  and 3.53 ppm (11 Hz) ; 
:::: Long range coupling w i t h  H-7. 
; b i n  CDC13-5 % CD30D ; "Appears a s  a d i s t i n c t  
Table I I  : 13C NMR spec t r a  of  
quassinoids 1 and 2 i n  CDC13 and 
CDC13-5 % pyridine-d5, respec- 
t ive ly ,  measured a t  22.63 MHz. 
1 - 
2 - 1 - 
C ( 1 )  81.3a d 
C(2) 197.6 s 
C(3) 124.5 d 
C(4) 162.6b s 
C(5) 43.4 d 
C(6) 28.2 t 
C(7) 81.Ta d 
C(8) 45.8b s 
C(9) 42.4 d 
C ( 1 1 )  74.3 d 
C(10) 47.7 s 
C( l2 j  75.1 d 
C(13) 81.7 s 
C(14) 52.3 d 
C(15) 67.8 d 
C(16) 167.6 s 
C(18) 169.5' s 
C(30) 73.0 t 
OMe 49.8 q 
Me-4 22.4 q 
Me-10 11.3 q 
C(1')  170.7' s 
c ( 2 : )  20.5 q 
C(3 1 
C(4 ' )  
113.Za d 
160.8 S Ø 
148.4 s 
30.7 d 
38.8 d 
28.5 t 7 
82.8 d 
46.4 s 
44.7 d 
41.6b s 
72.gb d 
76.0 d 
81.1 s 
53.1 d 
66.9 d 
167.1 s 
170.9' s 
73.8 t 
51.2 q 
18.0 q 
19.4 q 
169.4' s 
20.4 q 
171.4' s 
161.1a d 
Signals wi th in  any verti- 
cal  column may be rever- 
sed. 
a-c 
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r ing  A as i n  1, the  U . V .  spectrum showed a maximum a t  240 nm ( E  12000) and the mass spectrum 
t h e  c h a r a c t e r i s t i c  ions a t  m/z 151 and 135 '. These r e s u l t s  and the  400 MHz H-NMR spec t r a l  
da ta  (Table 1) suggested t h a t  quass inoid lwas  isobruceine B, previously i so l a t ed  by Kupchan e t  
aZ. from Brzlcea antidysenterica. Struc ture  1 was supported by comparison of i t s  I3C-NMR 
spectrum w i t h  the previously published quassinoid spec t ra  lo. Because of t he  unava i l ab i l i t y  of 
an au thent ic  sample, s t r u c t u r e  1 was u l t imate ly  confirmed by s ing le  c rys t a l  X-ray ana lys i s  . 
The somewhat l e s s  po lar  se rgeol ide ,  1, was c rys t a l l i zed  from acetone, m.p. 202-206" 
(dec . ) ,  was es tab l i shed  by micro- 
ana lys i s  and h i g h  reso lu t ion  mass spectroscopy as C25H28011 (M'. 504.1656) and d i f f e red  from 
t h a t  of 1 by two carbon atoms. The mass spectrum of 1. displayed, as  did t h a t  f o r  - 1, abundant 
fragmentation ions due t o  the  presence of an acetoxy group.  The i . r .  spectrum (Nujol) showed 
carbonyl bands a t  1710 ( b r )  and 1750 cm-l, b u t  lacked an absorption c h a r a c t e r i s t i c  of an A- 
r i ng  enone system and ins tead  displayed a band a t  177U cm-l (butenolide ring). The U . V .  
spectrum of  2 (Amax 275 nm, E 20.790) suggested the presence of a y,b-unsaturated butenolide 
function. The 400 MHz H-NMR spectrum (Figure,  t ab l e  1) was pa r t i cu la r ly  revealing and w i t h  
ex tens ive  decoupling experiments allowed the i d e n t i f i c a t i o n  of a l l  proton resonances and e s t a -  
b l i shed  the r e l a t i v e  stereochemistry of ?. The s t ruc tu ra l  s i m i l a r i t y  between quassinoids 1 and 
2 was supported by the near i d e n t i t y  of the chemical shifts and m u l t i p l i c i t i e s  of a l l  hydrogen 
atoms except f o r  those involved i n ,  or in  the  immediate environment o f ,  r ing  A .  Thus  the H- 
N M R  spectrum of compound 1 displays a signal f o r  a secondary methyl group and two downfield 
one proton resonances a t  5.71 and 6.23 ppm. These findings suggest t h a t  se rgeol ide  i s  a two 
carbon homologue of isobruceine B and a r e  cons is ten t  w i t h  t he  proposed s t r u c t u r e  2 .  
1 
11 
-103.3" ( c  = 1 .21  ; MeOH). The molecular formula f o r  
1 
1 - 
Acetylation of 2 (Ac20, pyr id ine)  
afforded the  d i ace t a t e  3, C29H32;33 
t ( M  * 588),  m.p. 210" ( d e c . ) ,  [al, 
-40.6' ( c  =0.49, MeOH), U V  (Amax  
278 nm), whose 250 MHz H-NMR spec- 
trum (Table 1) showed the  expected 
downfield s h i f t s  f o r  H-11 and H-12. 
Comparison of  t he  13C-NMR spec t ra  
1 
(Table 2) of se rgeol ide  1 and i so-  
bruceine B 1 provides f u r t h e r  com- 
f i rmat ion  f o r  the  s t r u c t u r e  of  t he  
former. Resonances assigned t o  car- 1 
h 
6 ' 5 ' l ' j ' i ' i  o bon atoms on r ings  B, C and D of 1 
1 Figure : 400 MHz 
a t  30°C 
H-NMR spectrum of - 2 i n  CDCl3-5%CD3OD, are superimposable with their 
6 5 0  
counterparts i n  2. In agreement w i t h  the  proposed s t r u c t u r e  2, the  spectrum lacks  a ketone 
signal b u t  possesses an addi t iona l  l ac ton ic  carbonyl resonance and four  absorptions due t o  
two t r i s u b s t i t u t e d  double bonds. 
B v ia  the intermediacy of i t s  1-O-acetyl de r iva t ive .  A Claisen-type rearrangement (vide infra) 
followed by the  appropr ia te  double bond migration and l ac ton i sa t ion  would lead t o  2 .  
The s t r u c t u r a l  s i m i l a r i t y  of 1 and suggests t h a t  the  l a t t e r  a r i s e s  from isobruceine 
Isobruceine B showed s l i g h t  cy to toxic i ty  and moderate an t i  leukaemic a c t i v i t y  aga ins t  
the murine P388 lymphocytic leukemia ( T / C  140 a t  1 mg/Kg) '. Preliminary antileukaemic 
screening l2 on sergeol ide  1 gave a T/C of 140 a t  a 0.5 mg/Kg dose l e v e l .  A t  s l i g h t l y  higher 
doses i t  was highly cy to toxic  i n  this t e s t  system. In the  chick embryo f i b r o b l a s t  t e s t  , 
exhibited cy to tox ic i ty  a t  the O.lpg/ml leve l  and inh ib i t i on  (69 %) of  ce l l  transformation 
induced by Rous Sarcoma Virus a t  the  0.05pgjml l e v e l .  
r ing  system. I t  i s  of i n t e r e s t  t o  note t h a t  t h i s  s t r u c t u r a l  f ea tu re  which might be expected a 
p r io r i  t o  a c t  as  a potent Michael acceptor should confer such a high degree of cy to toxic i ty  
t o  the  molecule. Modifications of se rgeol ide  a re  necessary i n  order t o  a t t enua te  i t s  t o x i c i t y  
and thus broaden i t s  therapeut ic  index. 
4 
Sergeolide 2 is the  f i r s t  known example of a natural  quassinoid possessing a butenolide 
Acknowledgements : We are  gra te fu l  t o  Mrs M. Robert-Gëro f o r  biological t e s t s ,  Mr. C .  Merienne 
f o r  the  250 MHz spectrum, Rhône-Poulenc Co. (Centre Nicolas G r i l l e t ,  Vi t ry)  f o r  the  high 
reso lu t ion  mass spec t r a ,  the  National Cancer I n s t i t u t e  DHEW (Grant N o  5 ROACA26699-2) f o r  
support  of this inves t iga t ion  and a l so  the DGRST ( N o  80.7.04.39) f o r  p a r t i a l  support .  
REFERENCES A N D  FOOTNOTES 
1 - For previous paper i n  these  s e r i e s  see  J. Polonsky, Z .  Varon, T. Prangë, C1. Pascard and 
Ch. Moretti , Tetrahedron Le t t e r s ,  22,  3605 (1981) 
2 - J. Polonsky, Fortschr.  Chem. Org. Kturs t . ,  30, 101 (1973) 
3 - J.M. Cassady p r  Rents Based on Natural Product Models, Acad. 
Press,  Inc . ,  201 (1980) 
4 - A. P i e r r ë ,  M .  Robert-Gëro, C .  Tempête, and J. Polonsky, Biochem. and Biophys. Res. Comm., 
93, 675 (1980) 
5 - IK Trager, and J. Polonsky, Amer.J.Trop.Med.Hyg., 30, 531 (1981) 
6 - A. Odjo, J. P i a r t ,  J. Polonsky, and M .  Roth, ComptTaend., ( I I I ) ,  293, 241 (1981) 
7 - A sample of t he  p lan t  material  s tud ied  (No. C.M.  1153) was deposited i n  the  Herbier du 
8 - J.L. Fourrey, B.C .  Das and J. Polonsky, 0rg.Mass Spectrum, 1, 819 (1968) 
9 - M .  Kupchan, R.W. B r i t t on ,  J.A. Lacadie, M.F. Z ieg ler ,  and Ca. Siege l ,  J.Org.Chem., 40, 
648 (1975) 
10 - J. Polonsky, Z.  Baskevitch, H . E .  Got t l ieb ,  E.W. Hagaman and E. Wenkert, J.Org.Chem., 40, 
2499 (1975) ; J .  Polonsky, Z .  Baskevitch-Varon and T. Sevenet, Experientia,  31, 1113 - 
(1975) O 
11 - Orthòrhombic space group P212121 ( Z  = 4) ; a = 33.037, b = 9.676 and c = 8.665 A ;  1307 
s t r u c t u r a l  f ac to r s  with I 2cr(I) over a t o t a l  of 2274 measured r e f l e c t i o n s .  
12 - Testing was performed under NCI protocols by the procedures described by R.I. Geran, N. 
H .  Greenberg, M . M .  Macdonald, A.M. Schumacher and B.J. Abbott, Cancer Chemother. Repts. 
Pa r t  3, 2 ; 1 (1972) ; courtesy of Dr. M .  Suffness 
Museum d 'Hi s to i r e  Nature l le ,  Par i s  
. .  (Received i n  France 9 November 1 9 8 1 )  
